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During airspeed calibration flights of the D-558-1 airplane being 
used by NACA f o r  high-speed-flfght research, some measurements were 
obtained of the static loqdtudina l   s tab i l i ty  up t o  a Mach  number 
of 0.85. These data showed that the airplane possessed. positive static 
longi tudinal   s tabi l i ty  up to a Mach nzmiber of 0.80. A t rFm ch-e in 
the nose-dawn direction  occurred  for Mach numbers above 0.82. 

The XACA is engaged in  a flight-research program in the transonic 
speed range u t i l i z ing  two I kmghs D-558-1 airplanes. One of these 
airplanes (BuAero no. 37971) fs being used f o r  investigation of s t a b i l i Q  
and control  characterietice and over-all aerodynamic  load^. The other - . 
airplane (BuAero No. 37972) is being used f o r  measurements of the 
.pressure dis t r ibut ion over the wing and horizontal tail. The present 
report  covers results of brief measurements of the static  longitudinal . 
s t ab i l i t y  obtained durFng the airspeed cal ibrat ion  f l ights  of the 
D-558-1 airplane used f o r  stability and control measurements. 
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SYMBOiX 

impact pressme, porn& per squarre foot  

Mach  nuniber 

elevator  deflection,  degrees 

elevator  force, pounds 

stabilizer incidence, degree6 

w i n g  chord, feet - UNCLASSiF1ED 
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The  Douglas D-558-1 airplane  is a single-place low-wing monoplane 
powered by a sin@ General  Electric TG-180 turbojet  engine.  General 
views of the  airplane axe given in  figures l(a), (b), and (c). A three-view 
layout of the  airplane is given in f igwe 2. For the data presented 
herein  the  center of gravi*  was  located  at 25.7 percent mean aerodynamic 
chord and the gross weight WRB 10,258 pounds at take-off . Detail 
specifications of the airplane,are given in table  I. 

Standard NACA recording  instruments  are  ueed  to  measure  the  various 
quantities  neceseary  to  determFne t he  stability and control  character- 
istics of t h e  subject  airplane. In addltian, a Consolidated  oscillograph 
is inetalled  to record the loa& a8 measured by t h e  strain  gages 
lnbtalled In the wing and horizontal  tail. All records  are  synchronlzed 
by m e a m  of a c o m n  thuiw circuit. The instruments used and t h e  

Airspeed-altitude recorder 

Three-component  accelerometer 

Angular-velocity  recorder 

Sideslipangle  recorder 

Wheel-force  recorder 

Pedal-force  recorder 

Control-position  recorder 

Consolidated oscillograph 

Timer 

Quantity  measured 

Indicated  airspeed,  pressure  altitude 

Normal, longitudinal, and kmverse 
acceleration 

Rolling  veloci  ty 

Sideslip an@ 

Aileron  and  elevator  force 

R u d d e r  pedal force 

Aileron,  elevator,  rudder, and 
stabilizer  position 

Wing  bending  moment and shear load, 
horizontal-tail  shear load 

Time 

The  vane  used  with t h e  sideslip-angle  recorder  is mounted a distance 
of 1 chord  ahead of the l e f t  wing t i p .  The airspeed  head was mounted on 
a boom  on  the  right  wing  tip of such  length  that t h e  static  orFfices are 
1-chord  length  ahead  of the wing  leading  edge. - 
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The results of t he  airspeed  calibration fU&ts made on t h e  
D-558-1 airplane have not been completely  evaluated as yet .  The 
results of 8. calibration of the error in s t a t i c  pressure made br . 

flying past a reference lmdmark indicate, however, that the error 
in measured s t a t i c  pressure is of the d e r  of 0.01~ up to a Mach 
number of 0.78. Results of airspeed calibratiom of the XS-1 which 
has a similar installation  indicate that the e r ro r  in Mach nmber 
up t o  M = 0.85, the limit of the present  tests, is of the order 
of 1 percent  or less (reference 1). The Mach numbers used. in the 
present  paper are those obtained from recorded pressures with 110 
correction for static  error  applied.  

Figure 3 presents t he  variation of e levator  position and force 
required  for trim with Mach number as' obtainea in  runa made by increastng 
power as  the speed was increased fram approximately M = 0.55 t o  
M = 0.85 at 30,000 f e e t  pressure d t i t u d e  so that the power w e d  was 
essentially that required f o r  leve l  flight. D a t a  w-ere obtained a t  
two s tab i l izer  set tbgs but these sett ings were close enough t o  the 
same value that it is d i f f i cu l t  to determine any value of re lat ive 
elevator  effectiveness. Also ,  no elevator-position data wLth the 
stabi l izer  set a t  2.32O were obtained above M = 0.80 because the  
recorder ran out of film. The data In figure 3 do show, however, that 
up to a Mach number.of about 0.80 the airplane posaessee positive 
longi tudinal   s tabi l i ty   s t ick  f ixed and free. Above a Mach nmber 
of 0.82, there i s  a t r im change Fn the nose-down direction which is  
t he  first  maatfeatation of ccanpressibility  effects in level flight w i t h  
this airplane. This trim change is sinihr t o  that measured on 
the m-1 airplane (reference 1) . 

The resu l t s  of m e a s u r e m e n t l s  of the elevator an&e and force 
required f o r  trim at  Mach numbers up t o  0.85 show that below a Mach 
number of 0.80 the D-558-1 airplane possesses pos i t ive   s ta t ic  l o w -  
tudinal s tab i l i ty .  Above a Mach nrrmber of 0.82, there ie 8 nose- 
down trim change. 

-gley Memorial Aeronautical Laboratorg 
National Advisorg Committee f o r  Aeronautics 

Langley Field, Va. . 
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W h L g :  
Araa. sq f t  . . . . . . . . .  
Span. ft . . . . . . . . . .  
!Paper ratio . . . . . . . . .  
Aspect ratfo . . . . . . . .  
Root section . . . . . . . .  
Tip  section . . . . . . . . .  
Sweepback of %-percent chord 
Geometric dihedral. deg . . .  
Incidence a t  root  chord. deg 
Geometric twist . . . . . . .  
Mean aerodynamic chord. f t  . 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
line . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . .  '. . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

. . .  150.7 . . . .  25 . . .  0.9 . . .  4.17 
W A  6 5 - ~ 0  
RACA 65-110 . . . . .  0 . . . .  4.0 . . . .  2.0 . . . . .  0. . . .  6-21  

Ailerons : 
Area aft hinge line (both ailerons). sq f t  . . . . . . . . . .  7.94 
Mean aerodynamic  chord. f t  . . . . . . . . . . . . . . . . . .  0.772 
Span (one side). f t . . . . . . . . . . . . . . . . . . . . . .  5.19 
Hinge-1lne location  (percent w) . . . . . . . . . . . . . . . .  85 

. Horizontal tail: 
kea .  sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  35.98 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.23 
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . .  4.17. ... " 

Taper ratio 0.55 
T a i l  length, from  0.2% t o  elevator binge line, It . . . . . .  16.34 . . . . . . . . . . . . . . . . . . . . . . . . . .  

Elevators : 
Area aft of hinge line (both sides) , sq ft . . . . . . . . . . .  8.6 

(On8 eide), ft . . . . . . . . . . . . . . . . . . . . . .  5-91 
. HFnge location. percent horizontal-ta il chord . . . . . . . . . .  75 
Mean aerodynamic  chord. f t  . . . . . . . . . . . . . . . . . .  0.75 

. Vertical tail surface: 
kea.  sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  25.68 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-55 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  1.20 
Taperratio . . . . . . . . . . . . . . . . . . . . . . . . . .  0.56 
FFn offset . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Tail length. from 0 23% to rudder hinge line. ft . . . . . . .  17.38 
Dorsal-f in .... sq, f t  . . . . . . . . . . . . . . . . . . . .  9.08 

Rudder : 
. .  

1 

Area af't of hinge line. sq 9t . . . . . . . . . . . . . . . . .  7.92 
Span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.67 
Mean aerodynamic  chord. f t . . . . . . . . . . . . . . . . . .  1.44 . - T 
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TAE&E I - Concluded 

PHYSICAL CHARACTERISTICS aF DOUCELAS D-558-1 D - Concluded. 
Fuselage : 

Fuerelage length, ft . . . . . . . . . . . . . . . . . . . . . .  35.04 
Fuselage depth (maximum), ft . . . . . . . . . . . . . . . . . .  4.0 
Fuselage width (maximum), ft . . . . . . . . . . . . . . . . . .  4.0 
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(a) Side view. 

. . . . . . .. 

(b) . Threequarter front view. 

(c) Front view. 

Figure 1;- Photographs of D-558-1 airplane. 
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Figu-3 2.- Three-view drawing of D-558-1 airplane. 
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Figure 3. 

Mach number, M 
- Variation of elevator position and force with Mach number 

33,000 feet. D-558-1 airplane. 
at 
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